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The Use of Rooket-Propelled F]yin.g Models for Experiments
' at Transonic Speeds

by
The Staff of Gas Dynamios Dept.

ReheEe Ref: Cas/3200/RS/29
: SUMAIRY

A brief description is given of the work now in progress on rocket-
propelled flying model aircraft, aimed .at obtaining aerodynamic data
near the spoed of sound. Future dovelopments and spplication of the
techmique are discussed broad.]y

Roocket~propelled flying models have more potential utility in this
field than any othor method su;gested up to the present, apart from
flight tosts of full=scalo aircralt. Their chief advantage is in the
foot that they permit stability and control problems to be investigated
as well as providing drag and 1lif't data. Thoir enly limitation is that,
liko full=scale airecraft, they must bo designed to fly over the whole

specd range, which may exclude scme oonfigum.tions theoretical -
interest.
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1 Introductory = - -

sevoral ‘mothods have boon suggosted for obtaining a.erodynamio data

noar the- :speod ‘of sound, in tho speed renge which ocannot at present bo
oovored by wind-tummel techniques. Tho present note is one of a sories

prepared to rovieir thoso various methods; it desoribos briefly the
proposal to investigate the transonic speod range by roekeb-powemd
moael eiroreft, reloased fram a pamnt aircraft at hizh altitudo, and
ocbserved by radio and radar mothods.. Jotive work on this achomo has
been. initfated by D.GC.S.R's Supersonic Conmi tteo, with Vickors-
Amstrong Ltd. designing and producing the models. i

2 Preaent Teohnimm

: A8 a first design of model upon which to develop the experimental
technique, 1/3xd. soale models of the ifiles E2:/43 are being constructed.

Thoy are to be propelled by a bi=fuel rocket.- hydrogen peroxide and

ethyl aloohol = developed at R.A.E. fram similar German designs. * The -
rocket motor was designed for a naminal 800 lbe thrust (it has alrcady

given over 900 1b.) and sufficient fuel is stored in tho model to

operate ii for 65 scconds. It is proposod to carry the model to :
36,000 £t. in a Mosquito airpraft, and to release it so that it will

accelerate in rw.gb.'l.y level flight at 35,000 fte Anticipating results

on the drag of the model, it is estimated that the thrust will then

be suffioient ‘to rcach a max:mmm Mach number of 1.33 at the e'nd of

the burning period.

e ———— A =

u section of ths model, showing tho loca.tion of propulsion unit,
tenks, erd ‘instrumonts, is given in Fig.l, whioh includes a fow ma.;)or
dimemsions. Fig.2 shows the estimated bohaviour during tho flight.

The model will be kept on a straight oourse in rough],y lovol
flight by a mmall auto-pilot, very similar to that usod in tho Gemman
V1 wegpon, but modified as desoribed in para.3 bolow to cator for the
very high speeds. This will ‘operatc on oontrol surfacos which aro
oxaot modols of those proposed for the fulle-scale sircraft, so that
apart from soale~offect the control forces will be a measure of those
actually demended from a human pilot, and any mis-bohaviour of tho

nodol will be signifioant in its opplioation to thd full-soalo . 5
airoraft. !
Tho ochief source of information on the n;od.ol's charactoristics ?

will be a six-channel telamotoring oquipmont reocording continuously
six indepondent quantities at a noorby ground station. In the first
tosts, theso will probably bo:--

Ategnation pressure
Statio pressure

Longitudinal aococeleration ! :
Recket thrust or chamber pressureg to give dragw of tho model.

$ to give speod, inight, Mach nunl;er.

Normal acceleration to give 1ift coeffioient, and to indicatc any
.longitudinal hunting of the oircraft.

Tailplane angle or tailplano operating load (an all=moving tailplane
is proposed on E24/43) to indicate the magnitudo
of any chonges in longitudinal trim.

In later tests albtermativo instruments tronsmitting 1aboro.‘l. ond %

\
|
dirootional characteristics oan bo fitted. In addition to the tolo= - . |
netoring cquipmont, it is proposod to track the model by ground radar. st ,

“Bu
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As the model travels nearly 20 miles in the interesting range of Mach
number, however, it is not expected that this type of tracking will
give very accurate data, Its chief utility will be in checicing the
static pressure reccrded by telemetering; en alternative check here
is very desirable as there is no way of callbrating the model's static
tube near the speed of sound on the ground. . ;

The first flights will be made over the sea off South Oornwall,
in the interest of safety, using radioc and radar ground stations on
tho Soilly Isles.

5  Future Developments

It is olear that if the technique oan be developed successfully,
its potentislities axe very great. In the extent of the infoxmation
which caen be derived fram it, it falls little short of tests of a full-
scale aircraft with a human pilot. With the presont instruments, it is

. true, the amount of data is limited to 6 independent quentities per
flight, and the modol is wmablo to oxecubte viclent mgnoeuvres or aero=~
batics (or sc it is hopedi). Modifications to extend the application
in this wey are clearly feasible, howover, when the need arlses.”
Anticipating suocossful development, a notel has alrcady boen prepared
indicating poseible future typcs of model. 3

The upper limit of Mach number, 1l.33 on the first model, will
increase as bettor supersomic designs, giving mmaller pesk drag
coufficienta at highor Mach numbers by application of swoeepback
prinoiples, arc produced and tested. It can alsc be incrcased by
adding more fuel or flying at groator altitudes. There is, however,
little point in further inorcasc, as present supersonic wind=-tunnols
con glve data at Mach numbors o 1.2 and above.

Prcbably tho chief limitation on the use of the technique arises
from tho fact that it is sc similar bo flight-testing the full-scale
airoraft, that tho model must be designod, like the.full=-scale elrcraft,
to have cvorything os nearly ripht as possible. For oxampleo, the low-
B spood quelitics connct be sacrificed campletely, as is possiblo in a

. wind=-tunncl oxporiment, wvhon exploring the transonic range; tho model

- is launched at o spoed met groatly above its stalling speod, and it
A must be obJo te £fly roasonably well therc. Similarly, there are likely

3 to be longitudinal stability and trim changes in the transonic range,
and it 18 casontial to minimise thosc. Tho auto~pilot has been providod
vith poworful control sorves so that tho probable noso-down moment and
large stability inorcasc can bo doalb with; but thore is cloarly an ¥
uppor limit to thc dogree of corrcotion which can bo oxpocted fram the i
suto=pilot. It is possible that thoe first modol, the E24/43, will
oncountor difficulty hero, as although its longitudinal trim ohonge
is small, its longitudinal stobility inoreasos greatly at suporsonic
spoods (by over 0.5 chord movement of noutral point). Therc are
reports of misbohaviour of a similar U.S. projeect, tho "Private",

whon transonic spoeds ore roachod, which confirm the nsed for
7 attention horo; full data on these Amoricer oxperiments, howovor,
A is not yot aveilablo, 4

& w .
From this point of viow, tho gruatest potential utility of the
& rockot=inodcl toochnique is in making advance tests of the overall
5 ‘bohaviour-ef now airornft desi:ns intonded for the transonie apood
el ronge, theroby removing o littic of the oonsidorable risk ot preasont
£ otboching te the first fligints of such aireraft. For the prosent,
> RS howover, its cnlof spplication will be tho colloction of mere fumda=

.montal debn on tronsonic characteristics, particularly fram the

- b e
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stebility and control aspects which cannot be dealt with by the simpler
dropped-bod; method.

Reference
No. Author Title, etc.
1 E. Simpson Note on future possible designs of experimenta.l

transonic model.
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